Background and Objective: Atrial fibrillation (AF) is the most common sustained cardiac ar-5 rhythmia and a growing healthcare burden worldwide. It is often asymptomatic and may appear 6 as episodes of very short duration, hence, the development of methods for its automatic detection 7 is a challenging requirement to achieve early diagnosis and treatment strategies. The present work 8 introduces a novel method exploiting the relative wavelet energy (RWE) to automatically detect 9 AF episodes of a wide variety in length.
The present work introduces a novel method exploiting the RWE to automatically detect AF episodes 142 of a wide variety in length that, specifically, can be extremely short. As a general summary of the 143 proposed strategy, Figure 2 displays a block diagram of the algorithm to discern between AF and SR 144 along with typical signals obtained for each stage. The main details of each preprocessing stage are 145 going to be described in the forthcoming sections. With the aim to improve later analysis, both synthesized and real ECG recordings were preprocessed. 148 Whereas baseline wander was removed by making use of an IIR high-pass filtering with a 0.5 Hz 149 cut-off frequency [34] , high frequency noise and powerline interference were reduced with an IIR 150 low-pass filtering with a 50 Hz cut-off frequency [35] . Both filters were designed using a Cheby- 151 shev window with a relative sidelobe attenuation of 40 dB and applied to the ECG signal in a 152 forward/backward way. Next, every R-peak was detected by using a phasor transform-based algo-153 rithm [36] . The ability of this method to identify R-peaks has been validated making use of databases 154 manually annotated by expert cardiologists, reporting an accuracy greater than 99.6%. Moreover, the 155 algorithm is able to detect ectopic beats without any additional requirement, thus making it possible 156 to consider these beats in the study. This is an interesting aspect, because the presence of abnormal changes in the signal morphology can be easily highlighted over the scales of interest [38] . Given 170 the non-redundant information provided by the discrete WT, this algorithm has been widely used in 171 a variety of previous biomedical applications [39] . In addition, this algorithm can be easily imple-172 mented by a bank of low-pass and high-pass finite impulse response filters followed by decimation 173 stages [38] . Given that it is a widely extended tool for signal processing, its mathematical definition 174 has been leaved out in this manuscript. The reader is referred to [38, 39] for detailed information.
175
However, the discrete WT suffers from some problems of repeatability and robustness when short 176 signals are analyzed [38, 40] . Hence, the current study proposes the use of a stationary WT (SWT).
177
The SWT is time-invariant and, at each decomposition level, its wavelet coefficients carry the same 178 number of samples (temporal information) as that of the original signal [40] . 179 Having in mind that the P-wave is considered to be a low-frequency wave (below 10-15 Hz) [35] 180 together with the fact that recordings were acquired with a sampling rate of 250 Hz, a four-level 181 wavelet decomposition was chosen. It has to be noted that every TQ interval was zero-padded to 64 182 samples, since the SWT requires a signal length multiple of 2 N , N being the number of decomposition 183 levels [40] . Then, to discern among AF and SR episodes, the RWE carried by every wavelet scale 184 was analyzed. This metric for the scale j can be computed as
C j being the vector of wavelet coefficients obtained for the scale j. As a graphical summary, Figure 2 186 shows waveforms for vectors of wavelet coefficients C 1 , C 2 , C 3 and C 4 as well as values of RW E 1 , 187 RW E 2 , RW E 3 and RW E 4 from typical SR and AF beats. 188 Finally, because no guidelines exist for the wavelet mother selection [39], an exploratory ap-proach testing different functions was adopted. were performed, such that within each one a fold of the data was held out for validation whereas the The obtained outcomes for the proposed RWE-based metrics from all the synthesized ECG record-291 ings, considering the aforesaid scenarios of section 3.2, are graphically presented in Figure 3 . As can 292 be observed, in general terms RW E 1 showed a behavior slightly different from the remaining scales.
293
For all the experiments its predictive value was notably lower than for RW E 2 , RW E 3 and RW E 4 . On 294 the contrary, these three metrics presented a very similar performance, although slight differences 295 among them were noticed. Thus, whereas RW E 4 provided an accuracy near 100% between 40 and 296 140 bpm, RW E 2 and RW E 3 showed a significant decrease (about 5-8%) for heart rates higher or 297 equal to 140 bpm (see Figure 3 (a)). Anyway, it is interesting to note that accuracy was still greater 298 than 90%. In a similar way, RW E 2 and RW E 3 also showed a lower discriminant ability than RW E 4 299 for P-and f -wave amplitudes lower than 80 and 60 μV, respectively (see Figures 3(b) and (c)). The 300 decrease was slightly greater for P-than for f -waves. Indeed, whereas accuracy values from RW E 2 301 and RW E 3 decreased about 10% and 6% (with regard to RW E 4 ) for P-waves, that decrease was about 302 3% and 2% for f -waves, respectively.
303
On the other hand, no relevant differences were observed from RW E 2 , RW E 3 and RW E 4 for 304 the analyzed values of heart rate variability (see Figure 3(d) 
